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Assessing a Damaged Earth
For several decades, most of America's
environmental problems have been studied
and regulated almost solely for their effects
on human health, with cancer as the pri-
mary concern. But since the early 1980s, a
related field has gradually begun to evolve
and vie for the nation's attention and
funds; today, federal regulatory agencies
are also examining the effects of chemicals
on flora and fauna through ecological risk
assessment, a process that is controversial
and can be misunderstood. These effects
can be direct, such as effects on mortality,
growth, and reproduction, or indirect,
such as destruction of the ozone layer and
increased exposure to ultraviolet light,
acidification of water from acid rain, and
elimination ofhabitat or food sources.
"Human health risk assessment is
much easier than ecological risk assess-
ment," says Glenn Suter, ecologist at the
Department of Energy's Oak Ridge
National Laboratory in Tennessee and
author of Ecological Risk Assessment. Oak
Ridge National Laboratory is considered
one of the leading institutions working on
new models and methods for risk assess-
ment. "Ecological risk assessment deals
with so many more endpoints than human
health risk assessment. We're looking at
not one species, but thousands. The whole
ECOLOGICALRISKASSESSMENT
d is still in the development stage,"
er said.
"There's a number of groups that are
rng to do research on differ-
parts of the big questions,"
Steven Bradbury, chief of
predictive toxicology
nch at the EPA Office of
search and Development
,,ironmental Research Labor-
ry in Duluth, Minnesota.
ie question is what are you
rng to protect? The answer is
erent for different regulato-
bodies, so there isn't any
-size-fits-all approach. This Steven Bra
s angle or niche is trying to icals and
relop techniques to define interacting.
status and current condi-
n of an ecosystem and then diagnose
t system to make a statement on its
Ith."
In one typical example ofan ecological
assessment, researchers might be asked
assess a watershed in which the sedi-
nts contain chemicals from industry
lwaste treatment and that includes wet-
ds being considered for development,
rts fisheries, or a wildlife refuge in the
.ire. After an initial examination of the
zershed, the risk assessor and risk man-
ager would consider
2 specific endpoints. One
4 endpoint might be the
future stability of the
_ wildlife populations,
for example. The re-
_ searcher then develops
models based primarily
on chemical stressors
but also on the poten-
tial for a changing habi-
tat in the event of
development because
"chemicals and habitat
are all interacting," says
Bradbury.
"Ecological risk
assessments are exciting
because we can pull
together different disci-
plines and broaden our
thinking," Bradbury
says. "We work in
teams that reflect a
diverse background. It
would be tough for any
one person to do an
assessment. For exam-
ple, if we're trying to
do a toxicity study
that's ecologically rele-
vant and useful, we try
idbu
habi
to link it to people studying population
and community responses. So while it may
be fair to criticize ecological risk assess-
ments for not being as sophisticated as
human health risk assessments, trying to
look at a watershed would be difficult right
now because there's still so
-much more research to be
done on those linkages."
In the mid-1980s, the
National Academy ofSciences
defined risk assessment as the
process by which scientific
data are analyzed to describe
the form, dimension, and
characteristics of risk; that is,
the likelihood of harm to
humans or the environment.
ry-Chem- As a multi-disciplinary pro-
itat are all cess, ecological risk assessment
draws on data, information,
and principles from many sci-
entific areas including chemistry, ecology,
biology, population biology, geology, toxi-
cology, and hydrology. These processes are
used to conduct a hazard assessment in
which the toxicity for various organisms is
determined and to conduct environmental
exposure assessments that predict the
expected environmental concentrations of
various contaminants. This information is
then integrated in an ecological risk assess-
ment. Risk assessment results are reviewed
by risk managers who must determine an
appropriate response; for example, whether
a chemical should be banned or a haz-
ardous site cleaned up, or if the use of a
chemical should be restricted.
Because a healthy environment is
essential for human health, both ecological
and human health issues are closely inter-
twined. With this vital link between
ecosystems and human health, risk asses-
sors must often attempt to balance ecologi-
cal and human health concerns. But
numerous environmental problems such as
global warming, ozone depletion, endan-
gered species and wetlands, toxic air pollu-
tants, and carcinogens are competing for
limited financial resources. Risk assessment
offers one way to establish priorities for
addressing environmental problems.
Ecological Endpoints
While the EPA is the principal agency
that conducts ecological risk assessments,
other federal agencies are increasingly
involved, including the Department of
Energy, Department of Defense, the
Food and Drug Administration, Depart-
ment of the Interior, Department of
Commerce (Geological Surey,) and
NIEHS. Some risk assessments are retro-
spective, focusing on chemicals already
found in lakes and farmlands or at
Superfund sites, for example. Others try
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to examine the possible future risks in
approving a new pesticide or industrial
chemical or try to evaluate the effects of
changes to a wildlife habitat on a particu-
lar species, as in the case of the spotted
owl in the Pacific Northwest.
Because the Department of Energy is
responsible for new energy techniques,
Oak Ridge National Laboratory studied
the potential environmental effects of
synthetic fuels in 1981 in the first ecolog-
ical risk assessment ever conducted.
Because no methods yet existed for such
assessments, Suter says he and his col-
leagues developed their own. At the time,
"many people thought there couldn't be
any such thing as an ecological risk assess-
ment," he says, "because the ecological
field was considered too qualitative and
ecological endpoints too poorly defined.
They believed that ecologists didn't have
the same scientific rigor as human health
risk assessors."
For decades, the principal endpoint in
human health risk assessment has been
mortality. In the past, a common ecologi-
cal risk assessment method used a similar
approach, what some researchers call
"old-style ecotoxicity testing" or the "kill
'em and count 'em approach." When
mortality was the primary endpoint, that
method often meant exposing animals to
different chemicals and seeing how many
died. Today, fish and invertebrates at a
contaminated site are still collected in
large numbers but they are more carefully
studied.
Toxicologist Hank Gardner and col-
leagues at the U.S. Army Biomedical
Research and Development Laboratory in
Frederick, Maryland, have been conduct-
ing research on nonmammalian toxicity
assessment methods since 1983. The
Army program explores disease processes
throughout the animal kingdom and
opportunities to use nonmammalian
species to provide valid scientific indica-
tions of potential hazards for humans or
other species. Scientists at the army lab
are studying pollution's effects including
cancer assessment, developmental toxici-
ty, immune system effects, acute toxicity,
reproductive toxicity, and neurotoxicity.
Long considered a public health
agency, EPA has traditionally focused
much of its attention on cancer, in part
because of the pressures the public puts
on legislators to protect them from
potential carcinogens. Under pressure to
compete for environmental funds, ecolog-
ical risk assessors have had to include
human endpoints rather than strictly eco-
logical endpoints, fueling perceptions
that EPA regulates more on public opin-
ion than on science.
But in recent years, environmental
Space-age fishermen? Researchers are forced to wear protective gear to sample contaminated river
sediments.
and wildlife organizations have begun to
pressure federal agencies to redefine their
research endpoints to include the more
subtle and long-term effects on develop-
ment and reproduction in nature. Today,
they argue, ecological risk assessments
need to look more closely at whether or
to what extent the ability of nonhuman
species to develop and reproduce may be
adversely affected by chemical and other
hazardous wastes.
"Now we assume many endpoints on
thousands of species," says Maurice
Zeeman, branch chiefat the EPA's Office
of Pollution Prevention and Toxics, for-
merly the Office of Toxic Substances.
"Ecological risk assessments are much
more difficult than human health assess-
ments, but I don't think the general pub-
lic really cares all that much about risks to
the environment."
Suter agrees. "I'd say that in general
the decision makers are much more con-
cerned with human health risk than eco-
logical [risks], partly because of public
pressure. But that doesn't
mean they're unconcerned
about ecological risk. There's
just this myth that we still
have to dispel that ifyou pro-
tect humans, you'll protect
everything else. There are
many examples where there's
no human risk but very large
ecological risks."
An Inexact Science
The question of endpoints is Maurice Z
just one of the controversies assessme
surrounding ecological risk should be u
assessment. Because such ronmental I.
geem
Ant
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studies are so far-reaching and complicat-
ed, they have often been criticized as an
"inexact science." Critics argue that con-
clusions are too often based on extrapola-
tion and uncertainty, leaving them open
to argument, misunderstanding, and
rejection. Such criticisms come from both
within the scientific and regulatory com-
munities and from outside.
"What really impressed us most is
that risk assessment is not really science,"
says Dora Passino-Reader, project leader
for contaminant hazard assessment at the
National Biological Survey, formerly the
National Fisheries Research Center, in
Ann Arbor, Michigan. "The way it's put
together for a conclusion is not really sci-
ence. Instead, it's in the realm ofspecula-
tion, guesswork, and goes beyond your
known facts. A risk assessment person has
to go way out on a limb."
One significant challenge for EPA in
conducting risk assessments is the range
of environmental statutes that do not
generally prescribe risk assessment
methodologies. The major
i environmental laws that cur-
rently guide assessments
include the Toxic Substances
Control Act (TSCA), the
Clean Water Act, the Clean
Air Act, the Federal
Insecticide, Fungicide and
Rodenticide Act, and the
Superfund program, which is
concerned with hazardous
waste sites. Each agency must
ian-Risk develop a unique ecological
meth ods risk assessment approach fol-
ed in envi- lowing the requirements of
each law. This has resulted in
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grown independently of each
other for decades.
"There hasn't been any
real unification," said Zeeman.
"For example, under one law,
chemicals are guilty until
proven innocent. Under
another law, chemicals are
innocent until proven guilty. j
And most of the time, those
chemicals don't have any eco-
logical data, so we have to Dora Passi
quickly test or estimate their Ecological ris
toxicity and rate them is inthe real
according to what we know tion and gues
about other chemicals in the same group.
In some cases, ifyou don't have data on
concentrations, you need to extrapolate,
and some people can be uncomfortable
with that."
Under TSCA, Zeeman's office must
evaluate several thousand new chemicals
every year and decide whether to approve
them within 90 days ofa company's appli-
cation. In this case, risk assessment is only
part of the risk management process,
which requires that the benefits of a par-
ticular chemical be weighed along with its
risk to humans, the environment, or both.
However, the National Research Council
ofthe National Academy of Sciences rec-
ommends that the activities ofrisk assess-
ment be kept separate from risk manage-
ment to avoid conflicts ofinterest.
To guide EPA and other agencies in
designing uniform technical guidelines
primarily for human health risk assess-
ments, NRC published Risk Assessment in
the Federal Government: Managing the
Process in 1983. Often called the "Red
Book," the publication proposes a concep-
tual framework for risk assessment that
no-
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Cuyahoga River in Ohio.
incorporates research, risk
= assessment, and risk manage-
ment. The Red Book also pro-
I' poses an overall scheme and
i terminology that entails four
L z
components of risk assess-
ments: hazard identification,
dose-response assessment,
exposure assessment, and risk
characterization.
In 1989, NRC convened a
Committee on Risk Assess-
Reader- ment Methodology to consid-
issessment er expanding the initial frame-
Af specula- work to include ecological risk
ork. assessment, which it defined
as the characterization ofadverse ecologi-
cal effects of environmental exposures to
hazards imposed by human activities.
Such hazards could be unintentional,
such as pollution and soil erosion, or
deliberate, such as forestry and fishing.
The committee also considered changes
in the scientific foundation ofrisk assess-
ment since the 1983 report and consid-
ered application of risk assessments to
noncancer endpoints.
More recently, a team of EPA re-
searchers wrote and published the
agency's "Ecological Risk Assessment
Framework" in 1992 in an attempt to
provide more consistency to assessments
ofaquatic and terrestrial biota. According
to Sue Barton, co-chair ofthe committee
that wrote the document, the framework
attempts to integrate the different laws
and methodologies while acknowledging
that each assessment varies according to
the endpoints, uncertainties, and models
involved. Bradbury describes the frame-
work as "a compass to use so everyone
thinks in the same manner."
Levels of
Uncertainty
Under contract and
{ funding from EPA, the
National Biological
Survey was instructed
several years ago to col-
lect sediment samples,
conduct bioassays, and
develop models for an
ecological risk assess-
ment of the Buffalo
River in New York.
The researchers hoped
to predict what aquatic
organisms might be at
risk. But the modeling
was difficult because
there were few good
data available for most
chemicals relative to the
rom pollution inthe organisms present in
the same environment.
As in most ecological riskassessments, the
researchers identified the gaps in their
analysis, extrapolated when possible, and
calculated a level ofuncertainty.
"We were trying to model for different
species which eat different foods at different
ages and move around the lake where they
eat different foods dependingon the season,"
says Passino-Reader. "Generally, we had to
use the limited acute mortality data available
for aquatic organisms because for most
chemicals there's no mortality data available.
There's so much that isn't known, so some-
timesyouend up havingto speculate."
Incorporated into each ecological risk
assessment is aformal analysis ofuncertainty,
another controversial area. Depending on
the agency, the regulation, the assumptions,
the endpoints, and the models, there may be
different levels of uncertainty. According to
Bradbury, while one agency may be able to
live with one set of uncertainties, another
agency may not. "One of the challenges in
ecological risk assessment is that different
acts have different assumptions," says
Bradbury. "Forexample, howclean isdean?"
The three general categories ofuncer-
tainty include measurement uncertainties,
conditions of observation, and inadequa-
cies of models, according to the Com-
mittee on Risk Assessment and Method-
ology. While measurement uncertainties
could be reduced by making more and
better measurements, committee mem-
bers agreed that inadequacies in condi-
tions ofobservation and modeling would
be more difficult to quantify.
"My basic premise is that people
doing ecological risk assessments need to
be as rigorous in their methods and
assumptions and their treatment of
uncertainties as those in human health
risk assessments," says Suter. "We have
the basic science to do that, but we don't
yet have a tradition of doing assessments
that way. The people who mandate and
fund risk assessments are accustomed to
human health risk assessments where you
have standards, slope factors, reference
doses, and they think risk assessment is
just a matter of putting in site-specific
contaminant concentrations and turning
the crank. So they often won't allow
enough time to do an ecological risk
assessment, and there are still a lot ofeco-
logical risk assessments being done that
are more narrative than quantitative."
Canary in the Coal Mine
Another controversial element ofecological
risk assessment is to what extent it should
be considered in human health risk assess-
ment. For example, there is the "canary in
the coal mine" scenario, in which the death
ofthe canary signals to the miners that the
air will soon not sustain life. The canary is
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"an indicator organism that demonstrates
pertubations in a delicate ecological sys-
tem," according to David Eaton, a toxicolo-
gy professor in the Department of Envir-
onmental Health at the University of
Washington. "It's the sentinel idea."
Theodora Colborn, senior scientist with
the World Wildlife Fund, adds, "Ifwe look
at each level ofbiological organisms, and look
at their function, we can see many of the
same effects on animals and humans. There
are many parallels across species, which
wouldcertainlysupport thesentinel idea."
Ifthe reproductive abilities oforganisms
low on the food web are compromised by
chemical pollutants, can a researcher extrap-
olate that such damage will eventually occur
higher up, eventually reaching humans who
ate the fish that consumed the plankton
that absorbed the chemicals? An important
aspect ofecological risk assessment is mod-
eling food chain transfer. Researchers are
studying the effects that a reduced popula-
tion ofone species could have on the rest of
the foodweb.
"Within the ecosystem, the bigger con-
cern is abnormalities and the subtle effects
on reproductive function rather than
death," says Eaton. "Ifyou decrease fertility
by, say, 10 in one generation, several gener-
ations later that small amount could have a
profound effect on predator-prey relation-
ships along the food chain."
Other models are beginning to consider
nonchemical stressors as part of ecological
risk. Because some of the country's gross
pollution problems are now being regulated
and managed, researchers are looking for
ways to integrate other data, such as habitat
loss, to "get a more holistic perception,"
says Bradbury.
Like other researchers, Bradbury says
ecological risk assessors need to develop a
set of ecological indicators, much like the
economic indicators used to diagnose and
predict economic health. In addition, some
observers propose that ecological risk assess-
ment should be used as a tool to protect the
earth's natural biodiversity. Eaton says that
thousands of plants have yet to be studied
for their medicinal properties and "we still
have a lot to learn about the basic biology
of lower organisms. Ecological risk assess-
ments could help assign a value to exotic
species and biodiversity in general."
Man and Beast
Although the specific goals ofecological risk
assessment are quite different from human
risk assessment, there are striking parallels
between the two methodologies, suggesting
that much can be learned from communica-
tion between the groups conducting risk
assessments. According to Professor Edward
J. Calabrese of the University of Mass-
achusetts School ofPublic Health, editor of
the journal Human and Ecological Risk
Assessment, there are many examples that
demonstrate the need to enhance commu-
nication and cooperation among those
involved in these types ofresearch.
Said Calabrese, "While human risk
assessment has always attempted to assess
the affects of contaminants on high-risk
groups (e.g., irritant air pollutants on asth-
matics), ecological risk assessment has a par-
allel challenge in estimating safe exposure
levels for endangered species. Similarly,
while human risk assessment incorporates
concerns about the responses of the very
young (e.g., the effects oflead on children),
ecological risk assessment incorporates a
similar perspective in what are called life-
stage assessments."
Parallels also exist in exposure estima-
tions. For example, the driving force behind
a large number of human risk assessments
at waste sites is the issue of soil ingestion.
Concern over consumption of contaminat-
ed soil by animals, which science indicates
ingest a much higher proportion of soil in
their diets than humans, is now being rec-
ognized as an essential feature of ecological
risk assessment.
Even though the fields of human and
ecological risk assessment are evolving at
different rates, the technical knowledge of
how to measure certain endpoints, such as
cellular endpoints and soil ingestion, may
be directly transferred from one methodolo-
gy to the other. Calabrese notes, "It is inter-
esting that of the nearly 3000 members of
the Society of Toxicology and the Society
for Environmental Toxicology and Applied
Chemistry, less than 200 people belong to
both groups. Thus, efforts to enhance tech-
nical information exchange between such
groups should be a high priority over the
forthcoming years."
With the application ofmore and newer
knowledge, human and ecological risk
assessments often seem to become more,
rather than less, complicated. It is neverthe-
less becoming clear that the justification
and rationale for both may soon merge in
the scientific disciplines. As Elizabeth
Dodson Gray wrote in her book, Why the
Green Niger: Remything Creation: "The new
understanding oflife must be systemic and
interconnected. It cannot be linear and
hierarchical, for the reality oflife on earth is
awhole, a circle ... in which everything has
its part to play and can be respected and
accorded dignity."
Rebecca Clay
Rebecca Clay is a freelance writer in Boulder,
Colorado.
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